10/580692 
- 1 - 'm Hec'dF^iFfO 2 6 MAY 29SI 



SPECIFICATION 
PNEUMATIC TIRE 

TECHNICAL FIELD 

[0001] This invention relates to a pneumatic tire, and more 
particularly to a pneumatic tire having excellent air-retaining property 
and bead portion durability and capable of being used over a long 
period. 

BACKGROUND ART 

[0002] Heretofore, heavy duty tires such as a tire for truck and bus, 
a tire for construction vehicle and the like have been used under a very 
high load, so that it is generally and widely attempted to prevent 
settling of a bead portion, rim chafing and rim slippage and the like 
and to improve an air sealing property and the like by disposing a 
rubber chafer in at least a part of the bead portion contacting with a 
rim. In the tire provided with the rubber chafer, an innerliner is 
arranged in the inner face of the tire for the purpose of improving the 
air sealing property of the tire, in which a end of the innerliner is 
usually located in the vicinity of a toe end of the bead portion and a 
part of the innerliner overlaps partially with the rubber chafer. 
In this tire, however, the adhesiveness between the innerliner and the 
rubber chafer is poor, so that there is a problem that when a joint 
portion between the innerliner and the rubber chafer is particularly 
located in the vicinity of the toe end, cracks easily occur at an 
interface between the innerliner and the rubber chafer during the 
running on the market. 

[0003] Moreover, when the innerliner is comprised of plural layers 
and a end of an outermost layer in the innerliner extends to the part 
contacting with the rim over the toe end, the outermost layer of the 
innerliner may ride up due to the rubbing or the like by contacting 
with the rim. To the contrary, when the end of the outermost layer in 
the innerliner is arranged so as not to arrive at the toe end, there is a 
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problem that a rubber member of the bead portion is deteriorated by 
oxygen penetrated from the toe end. 

[0004] On the other hand, there is proposed a tire in which the 
penetration of the oxygen from the toe end part is suppressed by using 
5 in the rubber chafer a rubber composition comprising 20-60 parts by 
weight in total of butyl rubber and/or halogenated butyl rubber and 
80-40 parts by weight in total of cis-l,4-polyisoprene rubber and 
epoxidized cis-l,4-polyisoprene rubber as a rubber component (see JP- 
A-7-90125). In this case, however, there is a problem that the rubber 

10 chafer cannot play its original role sufficiently because a ratio of the 
butyl rubber and the halogenated butyl rubber in the rubber composition 
for the rubber chafer is higher than that in the conventional technique. 
[0005] As the tire provided at its bead portion with the rubber 
chafer, there is proposed a tire in which a rubber layer having a high 

15 air impermeability is arranged on the toe end part of the bead portion 
to suppress the penetration of oxygen from the toe end part (see JP-A- 
H07-502471). In this case, however, it is necessary to use a rubber 
composition having a high ratio of a rubber component having a high 
air impermeability such as butyl rubber, halogenated butyl rubber or the 

20 like in the rubber layer for sufficiently increasing the air impermeability 
of the rubber layer arranged at the toe end part, so that it is difficult to 
assure the adhesiveness between the rubber layer and the rubber chafer. 
[0006] As the tire provided at its bead portion with the rubber 
chafer, there is further proposed a tire in which an innerliner is 

25 arranged so as to entangle the bead core to improve the air-retaining 
property of the tire (see JP-A-2001-233013). Even in this case, 
however, the adhesiveness between the innerliner and the rubber 
chafer is still low, so that it is impossible to overcome a problem that 
cracks are easily generated at the interface between the innerliner and 

30 the rubber chafer during the running on the market. 
SUMMARY OF THE INVENTION 

[0007] It is, therefore, an object of the invention to solve the above- 
mentioned problems of the conventional techniques and to provide a 
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pneumatic tire provided at its bead portion with a rubber chafer and 
covered at its inner surface with an innerliner, which hardly causes the 
rim chafing and is in the settling of the bead portion and prevents the 
occurrence of cracks at the interface between the rubber chafer and the 
5 innerliner and suppresses the penetration of oxygen from the toe end 
part. 

[0008] The inventors have made various studies in order to achieve 
the above object and discovered that in the pneumatic tire provided at 
its bead portion with the rubber chafer and covered at its inner surface 

10 with the innerliner, an additional rubber layer is further arranged on 
the toe end part of the bead portion so as to overlap with the rubber 
chafer and the innerliner and a rubber composition containing a 
predetermined amount of a butyl rubber and/or a halogenated butyl 
rubber and having excellent adhesion to both the rubber chafer and the 

15 innerliner and anti-settling property is used in such an additional 
rubber layer (hereinafter referred to as a toe rubber), whereby the 
occurrence of cracks at the interface between the rubber chafer and the 
innerliner can be prevented and further the penetration of oxygen from 
the toe end part can be suppressed while controlling the rim chafing 

20 and the settling of the bead portion, and as a result the invention has 
been accomplished. 

[0009] That is, the pneumatic tire according to the invention is a 
pneumatic tire provided at its bead portion with a rubber chafer and 
covered at its inner surface with an innerliner, characterized in that a 

25 toe rubber is further arranged on a toe end part of the bead portion so 
as to overlap with the rubber chafer and the innerliner and locate at 
least outside the innerliner at the overlapped portion with the 
innerliner, and a rubber composition A containing at least one of butyl 
rubber and halogenated butyl rubber as 20-40 mass% of a rubber 

30 component is used in the toe rubber. The term "toe end part" used 
herein means a toe end and a neighborhood thereof. 
[0010] In a preferable embodiment of the pneumatic tire according 
to the invention, the toe rubber is arranged over at least a part of a 
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region ranging from the toe end to not more than 30 mm in a direction 
along the inner surface of the tire and of a region ranging from the toe 
end to not more than 50 mm in a direction along a bead base line. 
[0011] In another preferable embodiment of the pneumatic tire 
5 according to the invention, the toe rubber has a maximum thickness of 
not more than 2.5 mm. 

[0012] In the other preferable embodiment of the pneumatic tire 
according to the invention, the innerliner is arranged up to a position 
from the toe end to not more than 10 mm outward in a radial direction 
10 of the tire. 

[0013] In a further. preferable embodiment of the pneumatic tire 
according to the invention, the innerliner is turned back outward from 
the toe end in a widthwise direction of the tire. In this case, the 
penetration of oxygen from the toe end part into the inside of the bead 

15 portion can be prevented surely. 

[0014] In a still further preferable embodiment of the pneumatic tire 
according to the invention, a rubber composition B containing at least 
one of butyl rubber and halogenated butyl rubber as at least 80 mass% 
of a rubber component is used in the innerliner, and a rubber composi- 

20 tion C containing at least one of butyl rubber and halogenated butyl 
rubber as at most 10 mass% of a rubber component is used in the 
rubber chafer. In this case, the adhesiveness between the toe rubber 
and the innerliner and between the toe rubber and the rubber chafer 
can be improved surely. 

25 [0015] According to the invention, there can be provided a 

pneumatic tire provided at its bead portion with a rubber chafer and 
covered at its inner face with an innerliner, which hardly causes the 
rim chafing and is low in the settling of the bead portion and does not 
generate cracks at the interface between the rubber chafer and the 

30 innerliner and suppresses the penetration of oxygen from a toe end part, 
wherein the toe rubber is further arranged on the toe end part of the 
bead portion so as to overlap with the rubber chafer and the innerliner 
and the rubber composition containing the predetermined total amount 
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of the butyl rubber and/or the halogenated butyl rubber and having 
excellent adhesion to both the rubber chafer and the innerliner and 
anti-settling property is used in the toe rubber. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0016] FIG. 1 shows an embodiment of the bead portion in the 
pneumatic tire according to the invention; 

FIG. 2 shows another embodiment of the bead portion in the 
pneumatic tire according to the invention; and 

FIG. 3 shows the other embodiment of the bead portion in the 

10 pneumatic tire according to the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0017] The invention will be described in detail below with reference 
to the attached drawings. FIG. 1, FIG. 2 and FIG. 3 show an embodi- 
ment of the bead portion in the pneumatic tire according to the 

15 invention, respectively. The tires shown in FIG. 1, FIG. 2 and FIG. 3 
comprise a carcass 2 consisting of a main body portion toroidally 
extending between bead cores 1 embedded in the bead portions and a 
turnup portion wound around the bead core 1 from an inside to outside 
in the widthwise direction of the tire, a wire chafer 3 arranged along 

20 the outer surface of the carcass 2 so as to envelop the bead core 1, a 
rubber chafer 4 arranged from the outside of the wire chafer 3 in the 
widthwise direction of the tire toward the inside thereof in the radial 
direction, an innerliner 5 arranged inside the main body portion of the 
carcass 2 in the widthwise direction of the tire so as to cover the inner 

25 surface of the tire, and a toe rubber 6 arranged at a toe end part of the 
bead portion so as to overlap with the rubber chafer 4 and the inner- 
liner 5. In the tire of the invention, the arrangement of the wire 
chafer 3 may be omitted, and the structure of the carcass 2 and the ply 
number thereof can be properly modified. In the illustrated tire, the 

30 cross-sectional shape of the bead core 1 is hexagonal, but it is not 
limited thereto and may be other polygons and so on. 
[0018] In FIGS. 1 and 2, the toe rubber 6 is located outside both the 
rubber chafer 4 and the innerliner 5 (on the outer surface of the tire). 
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but may be located inside the rubber chafer 4 at the overlapped portion 
with the rubber chafer 4 as in the tire shown in FIG. 3. In the tires 
shown in FIGS. 1, 2 and 3, the innerliner 5 is composed of two layers, 
but it may be composed of one layer or three or more layers. 
5 [0019] In the pneumatic tire according to the invention, the rubber 
composition A containing at least one of butyl rubber and halogenated 
butyl rubber as 20-40 mass% of the rubber component is used in the 
toe rubber 6. The rubber composition A for the toe rubber is 
sufficiently high in the adhesiveness to both the usual rubber 

10 composition for the innerliner and rubber composition for the rubber 
chafer because the total content of the butyl rubber and the halogenated 
butyl rubber in the rubber component is 20-40 mass%. Therefore, the 
crack at the interface between the rubber chafer and the innerliner can 
be surely prevented and the durability of the tire can be improved. 

15 Furthermore, since the rubber composition A having the total content 
of the butyl rubber and the halogenated butyl rubber within the above- 
mentioned range is used in the toe rubber, the anti-setting property of 
the toe rubber is sufficiently high, and hence the tire according to the 
invention hardly causes the rim chafing and is small in the settling of 

20 the bead portion. Moreover, since the air impermeability of the toe 

rubber is higher than that of the usual rubber chafer, the penetration of 
oxygen from the toe end part can be suppressed as compared with the 
case that the toe rubber is not arranged, and the durability of the 
rubber member used in the bead portion and the internal pressure 

25 holding performance of the tire can be improved. 

[0020] When the total content of the butyl rubber and the halogenated 
butyl rubber is less than 20 mass% in the rubber composition A used 
for the toe rubber of the pneumatic tire according to the invention, the 
adhesiveness after vulcanization between the outermost layer of the 

30 innerliner and the toe rubber is insufficient though the adhesiveness 

after vulcanization between the rubber chafer and the toe rubber can be 
ensured sufficiently, while when it exceeds 40 mass%5 the adhesive- 
ness after vulcanization between the outermost layer of the innerliner 
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and the toe rubber can be sufficiently ensured, but the adhesiveness 
after vulcanization between the rubber chafer and the toe rubber is 
insufficient and the settling amount of the toe rubber is further 
increased to easily cause the rim chafing. As the halogenated butyl 
5 rubber are mentioned brominated butyl rubber, chlorinated butyl 
rubber and so on. 

[0021] In the pneumatic tire of the invention, as shown in FIG. 1, it 
is preferable that the toe rubber 6 is arranged over at least a part of a 
region ranging from the toe end P to not more than 30 mm in a 

10 direction along the inner surface of the tire and of a region ranging 

from the toe end P to not more than 50 mm in a direction along a bead 
base line. As shown in FIG. 2, it is further preferable that the toe 
rubber 6 is arranged over at least a part of the region ranging from the 
toe end P to not more than 30 mm in the direction along the bead base 

15 line. When the toe rubber 6 is arranged over the region of more than 
30 mm from the toe end P in the direction along the inner surface of 
the tire, air (oxygen) penetrates from a portion not having the 
innerliner to deteriorate the air-retaining property of the tire and also 
deteriorate the inner member. On the other hand, when the toe rubber 

20 6 is arranged over the region of more than 50 mm from the toe end P in 
the direction along the bead base line L, the innerliner itself contacts 
with the rim and the anti-settling property is lacking. 
[0022] In the toe rubber, the maximum thickness is preferably not 
more than 2.5 mm, and more preferably 1.0 mm-2.0 mm. When the 

25 maximum thickness of the toe rubber exceeds 2.5 mm, the settling of 
the toe rubber is apprehended because the anti-settling property of the 
toe rubber is relatively excellent but is smaller than that of the rubber 
chafer. Furthermore, the width of the toe rubber is not particularly 
limited, but is preferably within a range of 10-100 mm. 

30 [0023] As shown in FIG. 1, the innerliner 5 in the pneumatic tire of 
the invention is preferably arranged up to a position from the toe end P 
to not more than 10 mm outward in the radial direction of the tire. 
When a shortest distance H between the innerliner 5 and the toe end P 
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in the radial direction of the tire exceeds 10 mm, the internal pressure 
holding performance of the tire is deteriorated and further the 
penetration of oxygen from the toe end part cannot be suppressed 
sufficiently and hence the deterioration of the rubber member in the 
5 bead portion may not be suppressed sufficiently. 

[0024] As shown in FIGS. 2 and 3, it is also preferable that the 
innerliner 5 in the pneumatic tire according to the invention is turned 
back outward from the toe end P in the widthwise direction of the tire. 
When the innerliner covers a zone from the inner face of the tire 

10 through the toe end P to a part of the bead base line L, the internal 
pressure holding performance of the tire is further improved and the 
penetration of oxygen from the toe end part is further and surely 
suppressed, and hence the deterioration of the rubber member in the 
bead portion can be further suppressed. 

15 [0025] In the pneumatic tire of the invention, it is preferable that 
the rubber composition B containing at least one of the butyl rubber 
and the halogenated butyl rubber as at least 80 mass% of the rubber 
component is used in the innerliner, and the rubber composition C 
containing at least one of butyl rubber and halogenated butyl rubber as 

20 at most 10 mass% of the rubber component is used in the rubber chafer. 
In this case, the adhesiveness between the innerliner and the toe rubber 
and between the rubber chafer and the toe rubber can be ensured 
sufficiently, and the crack at the interface between the rubber chafer 
and the innerliner can be more surely prevented. 

25 [0026] In the pneumatic tire of the invention, as the rubber compo- 
nent in the rubber compositions used for the toe rubber, the innerliner 
and the rubber chafer can be used a rubber component such as natural 
rubber, polybutadiene rubber or the like in addition to the above- 
mentioned butyl rubber and halogenated butyl rubber. These rubber 

30 compositions may be properly compounded with additives usually used 
in the rubber industry such as a filler, e.g. carbon black or the like, an 
antioxidant, a vulcanizing agent, a vulcanization accelerator, zinc 
oxide, stearic acid and so on within a scope of not damaging the object 
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of the invention. As these additives can be preferably used 
commercially available ones. Moreover, the rubber compositions can 
be produced by compounding the rubber component with the various 
additives properly selected if necessary and milling, v^arming, 
5 extruding and so on. 

[0027] The pneumatic tire of the invention is not particularly 
limited, but can be produced, for example, by properly stacking the toe 
rubber, the innerliner and the rubber chafer so as to provide a desired 
structure in a building step of a green tire and then vulcanizing as 

10 usual. The pneumatic tire of the invention is suitable for a use under 
a high load because it comprises the toe rubber and the rubber chafer, 
and is preferable as a heavy duty tire for a truck, a bus or the like. 
Moreover, as a gas filled into the pneumatic tire of the invention can 
be used usual air or air having a regulated partial oxygen pressure but 

15 also inert gases such as nitrogen, argon, helium and so on. 

[0028] The following examples are given in illustration of the 
invention and are not intended as limitations thereof. 
[0029] <EXAMPLES> 

Rubber compositions according to a compounding recipe 

20 shown in Table 1 are prepared and the settling amounts thereof are 
measured by the following method. Results are shown in Table 1. 
Moreover, the rubber composition is compounded with 2 parts by mass 
of stearic acid, 6 parts by mass of zinc oxide, 3 parts by mass of 
process oil, 0.8 part by mass of a vulcanization accelerator (CZ), 3 

25 parts by mass of sulfur and so on in addition to the rubber component 
and the carbon black shown in Table 1. 
[0030] (1) Settling amount 

To the rubber vulcanized at 145*'C for 30 minutes is input a 
force of 300-200 N at 20 Hz for 16 minutes, and then a load of 200 N 

30 is added to measure a displacement amount from the vulcanized rubber 
before the test. The result is shown by an index on the basis that the 
displacement amount of the vulcanized rubber in Comparative Example 
2 is 100. The lager the index value, the smaller the settling amount 
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and the better the result. 

[0031] Also, a tire for truck and bus (TBR) having a structure 
shown in FIG. 2 and a tire size of 11R225 14PR is prepared by using 
the above-described rubber composition in the toe rubber. In this tire, 
5 the toe rubber is arranged over a region of 0-30 mm from the toe end 
in the direction along the bead base line and the maximum thickness of 
the toe rubber is 1.8 mm. Furthermore, the component of the rubber 
composition used in the innerliner contains 100 mass% of IIR (*2), 
and the component of the rubber composition used in the rubber chafer 

10 contains 0 mass% of IIR (*2). With respect to the thus obtained tires, 
the adhesiveness before and after vulcanization between the innerliner 
and the toe rubber, and the adhesiveness after vulcanization between 
the rubber chafer and the toe rubber are evaluated by the following 
method. Results are shown in Table 1. 

15 [0032] (2) Adhesiveness 

A green tire is built and left to stand at 25*'C for 48 hours, 
and then the adhesiveness before vulcanization between the outermost 
layer of the innerliner and the toe rubber is visually observed. Then, 
the green tire is vulcanized at 145*'C for 40 minutes and left to stand 

20 for one day, and then the adhesiveness after vulcanization between the 
outermost layer of the innerliner and the toe rubber and between the 
rubber chafer and the toe rubber is visually observed. In the table, 
O shows that there is no problem, A shows that there is a slight 
problem, and X shows that trouble is caused. Moreover, X in the 

25 evaluation of the adhesiveness after vulcanization between the 

outermost layer of the innerliner and the toe rubber shows that the 
interface between the outermost layer of the innerliner and the toe 
rubber emerges after the vulcanized and the leaving. 
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[0034] *1 Polybutadiene rubber, BROl made by JSR Corporation 

*2 Brominated butyl rubber, BROMOBUTYL 2255 made by 
JSR Corporation 

[0035] As seen from Table 1, the rubber compositions of Examples 
5 1-5 wherein the content of the bominated butyl rubber in the rubber 
component is within the range defined in the invention have sufficient 
anti-settling property. Also, the tires of Examples 1-5 using the 
above rubber composition in the toe rubber are excellent in the 
adhesiveness before and after vulcanization between the innerliner and 
10 the toe rubber and the adhesiveness after vulcanization between the 
rubber chafer and the toe rubber. 

[0036] On the other hand, the tire of Comparative Example 1 
wherein the rubber composition having an excellent anti-settling 
property but not containing the brominated butyl rubber is used in the 

15 toe rubber is poor in the adhesiveness before and after vulcanization 
between the innerliner and the toe rubber. Also, the tire of 
Comparative Example 2 wherein the rubber composition having the 
brominated butyl rubber content in the rubber component of less than 
20 mass% is used in the toe rubber has somewhat a problem in the 

20 adhesiveness before and after vulcanization between the innerliner and 
the toe rubber. Furthermore, the tire of Comparative Example 3 
wherein the rubber composition having the brominated butyl rubber 
content in the rubber component of more than 40 mass% is used in the 
toe rubber is poor in the adhesiveness after vulcanization between the 

25 rubber chafer and the toe rubber. 
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